Fracture prediction for statically loaded structures generally rests on methods such as linear elastic fracture mechanics at small scale yielding and J -/?-curves at large scale yielding. Such methods are developed for monotone loading, i.e. for only one load application, but thev are often used even when the structure is subjected to several hundred load cycles. Whereas this generally does not matter much in cases of small scale yielding, it often does at large scale yielding.
INTRODUCTION
In the realm of fracture mechanics, the two concepts "static loading" and "monotone loading" should be carefully kept apart. Monotone loading does not imply static loading and static loading does not imply monotone loading. An oil storage container, for instance, is subjected to static loading, but it might be filled and emptied several times during its life time. Indeed, very few structures are subjected to morfotone loading, i.e. only one (major) load application during its life time. One example is structures subjected essentially to gravity load, i.e. to their own weight.
Against this background it is rather surprising that fracture mechanics methods developed for monotone loading are so often used for all kinds of statically loaded structures. Also the immense attention devoted to this part of fracture mechanics in theoretical and experimental work is surprising.
But, does it really matter that methods developed for (slow) monotone loading are used, if the number of major load applications is very small, say of the order of 100 or 1000? The answer seems to be that it does not if small scale yielding prevails, but it could be disastrous at large scale yielding. Situations in which a few hundred load cycles instead of one can reduce the load carrying capacity by more than 30 percent are not uncommon. For very small cracks, i.e. quite large scale of yielding, such a reduction can prob-ably occur even after less than hundred load cycles.
The change from small to large scale yielding introduces also other complications than the necessity to make a clear distinction between monotone loading and static loading. The fundamental assumption, explicitly pronounced or not, for virtually all existing methods in fracture mechanics, the near-edge autonomy (the property that the same events occur near the crack edge in one and the same material, irrespective of structure geometry and load configuration) [1] [2], becomes restricted to a narrow class of situations at large scale yielding. CT-specimens and 3PB-specimens, for instance, belong to different autonomy classes at large scate yielding. The reason consists of the difference in the stress in the crack growth direction behind the crack edge, here called the a x -stress for short. In CT-specimens it is tensile and comparatively large, in 3PB-specimens it is negligible. This difference is not important at small scale yielding, since the a x -stress is small compared to the maximum stress in the dissipative region, but at large scale yielding these two stresses can be of the same order for the CT-specimen.
A third significant complication arising when moving from small to large scale yielding has to do with the tool used to describe the state near the edge. At small scale yielding the stress intensity factor or the J-integral can be used with good accuracy. If the scale of yielding is moderately large the J-integral can still be used, but when net section plasticity with respect to a ligament from the crack edge is approached, the path-independence of the J-integral disappears [2] . This weakness is clearly demonstrated in numerous J -/?-curve determinations, where obviously net section plasticity has occurred: the erroneous results appear as curves with almost constant slope [2] .
In view of the discussion so far it is evident that a method in fracture mechanics is wanted, characterized by:
1. Allowance for load cycling up to a few thousand cycles. 2. Use of test specimens that belong to the same autonomy class as the engineering structure.
3. Use of tools in a way that is not prohibited by the scale of yielding.
MATERIALS AND METHODS

Test specimen selection
Test specimens are often chosen with regard to laboratory convenience, instead of their ability to simulate the behaviour of cracks in engineering structures. One common property to the majority of cracks found in such structures is their relative smallness: they are typically much smaller than significant structural dimensions. The most popular test specimens, CT ana 3PB, are usually provided with a prefabricated crack that is as long as the ligament from the crack edge in the crack growth direction. This deviation from common engineering reality could be tolerated if the amount of crack growth before fracture is very small, but if several load cycles are applied the amount of crack growth can be of the same order as the length of the prefabricated crack. A compromise has to be made in order to avoid uncomfortably large test pieces as well as non-acceptably large crack/ligament ratios. The suggestion is that the prefabricated crack length should be chosen as one fourth of the specimen height (the dimen-sion in the crack direction) and that, in addition, the test is considered valid only if crack length at fracture does not overshoot the length of the remaining ligament.
The next consideration has to do with the autonomy class. To which autonomy class does the majority of real structures with cracks belong? The most common types of cracks are edge cracks, internal flaws and surface cracks and they are usually subjected to remote loading, i.e. the loads do not act on or near the crack surfaces. In all these cases theo x -stress is com-)aratively small, usually slightly compressive. The CT-specimen is thereore clearly unsuitable, but the 3PB-specimen is possible. On the other land, the CT-specimen is appropriate for the autonomy class that includes the rare cases of wedging-type loading.
For the most common engineering situations the discussion suggests a 3PB test specimen with dimensions as shown in Fig. 1 . 
Test procedure
The test procedure is very simple. The load is cycled between a maximum value, Q max and a minimum value, Q min and the number of cycles, N, to fracture is counted. After the test the fracture surfaces are inspected in order to obtain an accurate determination of α 0 and of the crack length a c at fracture. If the latter overshoots /i/2the test should be rejected. Also, if net section plasticity occurs during the first load application the test should be rejected.
A series of tests could contain different Q max at constantQ min /Qmax. For simplicity only the choice Q min = Owill be discussed here, and therefore the maximum load, (? ma x will be referred to simply as Q. (To avoid machine play a non-zero, but very small, Q min can be chosen).
Test evaluation
The primary result from one test consists of three determined quantities, σ 0 , Q, and N. In order to be useful in engineering practice these three quantities have to be substituted by three other quantities. One recognizes that the original crack length in a structure would generally be different from a 0 and that the load Q cannot be directly translatable to the load on the structure.
Assume first that the crack length af in the structure actually is the same as in the test piece -the latter is now called a I in order to make a clear distinction. Which load Q S on the structure would produce fracture after the same number of cycles, N, as the load Q 1 on the test piece? Here one can make use of the fact that the crack can be regarded as small compared to other relevant length dimensions, both in the structure and in the test piece, and that remote loading prevails. Similarity then tells that the amount of crack growth and the number of cycles to fracture would be the same in the structure as in the specimen if the structure load was chosen so that the amount of crack growth during the first cycle was the same as in the test piece. But the amount of crack growth during the first load cycle can be related to the J-integral in cases when this integral is reasonably path-independent. Then, obviously, the state of loading is expressed more generally by the maximum value of the J-integral at the first load application than byQ max .
In contrast to, for instance, J -R-curve determination at quite large scale of yielding, the path-independence of the J-integral at the first load application can be expected to satisfactory in most cases of practical interest. There are two reasons for this. One is that the scale of yielding during the first load cycle is considerably smaller than during the last load cycle, at least if there are rather many cycles to fracture. The other one is that the amount of crack growth during the first load cycle is considerably smaller than in a corresponding J -/?-curve determination, at least if there are more than, say, about five cycles to fracture.
The calculation of J does not present a difficult problem at small scale yielding, since many handbooks are available, giving values of stress intensity factors for a large variety of structures. The value of the J-integral at small scale yielding will be called J E .
At large scale yielding the J determination becomes much more difficult. Finite element calculations might not be reliable, since different codes may produce very different results when the scale of yielding becomes large, cf. [3] [4]. This would not matter too much if the same code were used at the test evaluation as in the estimate of the fracture load for the engineering structure. The same reason speaks in favour of a much simpler method. One such method consists of providing J E with a correction factor that takes the scale of yielding into account. The following suggestion is made [5] [6]: 1 J(Q,a)=J E (Q,a) 1 + In (1) ι-(ρ/ζΜα)) 4 where a , which can be chosen asa 0 at determination of J at the first load application, is the crack length and Q L the limit load with respect to a ligamentous cross-section through the crack edge. This necessitates calculation of Q l , but a good estimate of Q/QL can usually be obtained without much difficulty. For the 3PB specimen one can use the Green and Hundy expression [7] :
whereo u is the ultimate stress. Equation ( One observes that the experimental J -Λ'-points lie close to a curve consisting of two straight lines. This is typical also for the other tests results described in [5] .
A by-product of the test is the total amount of crack growth, shown in Fig. 2 Two conclusions can be drawn immediately from a study of Fig. 2 . One is that the similarity assumption obviously is satisfactory, since there is hardly any systematic deviation between the results from the two series'. The other is that even the small change from 10 to, say, 100 cycles produces a substantial change in the maximum J-integral that can be allowed, and this will imply a significant change in the fracture load.
The condition that the crack edge must not overshoot half the specimen thickness implies that a test series cannot produce a J -Ν-curve beyond a certain value of N, as Fig. 2 shows: the maximum number of load cycles obtainable is about 4000 for the 80 mm high specimen.
Lundström and Tryding [5] showed that the two branches of the J -/V-curve correspond to different appearances of the fracture surfaces. As discussed in an earlier paper [6] this is obviously related to the stressstrain state: the upper branch corresponds to predominantly plane stress conditions, the lower to predominantly plane strain in the crack edge neighbourhood. As a consequence of this fact the specimen thickness should be chosen to agree as closely as possible with the engineering situation. For an edge crack in a plate, for instance, the choice is obvious: the specimen thickness should ideally be equal to the plate thickness. For an internal flaw or a surface crack, plane strain is often approximately realised, and therefore the specimen thickness should be chosen as large as possible.
The results obtained by Lundström and Tryding for surface cracks indicate higher J-values than for the test (3PB) specimens. This might be related to the fact that all A/-values in the comparison were situated at the plane stress branch for the 3PB specimens.
Use of the J-N-curve for prediction of fracture
The use of a J -/V-curve for estimation of the fracture load at a given number of cycles, Ν s , is straight-forward:
If the crack length ct q in the structure equals the original crack length « ο in the diagram, the ./-value producing fracture at the given number of cycles Ν D = Ν s is directly read from the diagram. 
Some aspects of the method suggested
The test method suggested is much simpler to perform than, for instance, a J -R-curve determination. Prefabrication of the crack can be performed in the same machine and with the same set-up as the test itself. No measurement of crack growth during the test is needed. The procedure is actually very similar to the engineering reality and the method for evaluation of the test is the same as for estimation of the fracture load in the engineering structure (at a given number of loads).
The assumption of "small" cracks, i.e. cracks that are much shorter than comparable length dimensions in the engineering structure or the specimen, is in general better realised for the engineering structure than for the specimen. This implies conservative results in the fracture prediction.
Since the path independence of the J-integral becomes very poor when the amount of crack growth approaches the length of the original crack, tests results should in general not be used for Ν < ΰ, say. (If Ν = ΰ one knows that the crack growth during the first load application is very small, cf. Fig. 2 , and in any case it is considerably smaller than 20% of the length of the prefabricated crack).
The situations for which the proposed method is applicable are all characterized by the fact that fracture occurs before the crack has grown to twice its original length, and generally much earlier. The chance of detecting a crack in a structure is therefore not much higher after the crack has started to grow than before. This contrasts with high-cycle fatigue cases.
In the rare engineering cases with monotone loading the method can be used by choosing, for instance, Ν = 5. This, of course, introduces some extra safety in the fracture load prediction.
